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(57) ABSTRACT 

A spindle motor having a bearing housing and a thrust 
bearing fitted in the bearing housing at the lower end of the 
latter, in which an inclined part is formed on the outer 
peripheral edge at the lower end of the thrust bearing, and 
the Outer diameter part of the thrust bearing is fitted in a 
coupling bore formed in the end Surface of the bearing 
housing, the end Surface of the bearing housing being 
pressed uniformly in the axial direction over the entire 
circumference around the coupling bore to cause the bearing 
housing to plastically flow around the coupling bore in order 
to cover the above-mentioned inclined part of the thrust 
bearing. The above-mentioned covering part formed in the 
bearing housing through plastic flow can exhibit a high 
bonding Strength between the bearing housing and the thrust 
bearing in the Spindle motor without deteriorating the Seal 
ing ability of the Spindle motor, due to a shearing force and 
a residual contact preSSure of the covering part. 

16 Claims, 5 Drawing Sheets 
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SPINDLE MOTOR AND MANUFACTURE 
THEREOF 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to a Spindle motor used in a 
drive unit for a hard disc apparatus in a computer or the like, 
a DVD unit, a CD-RPM unit or the like, and to a method of 
manufacturing thereof. In particular, the present invention 
relates to a Spindle motor having a hydrodynamic bearing 
Structure as a drive motor for a thin hard disc drive apparatus 
installed in a portable personal computer Such as a notebook 
type personal computer, and a method of manufacturing 
thereof. 

2. Related Art 
Conventionally, a bearing housing and a thrust bearing in 

a Spindle motor have been coupled with each other by means 
of press-fitting, Shrinkage-fitting, adhesive-bonding, Weld 
ing or the like. 

Further, there have been coupled with each other by a 
coupling method using a plastic deformation process as 
disclosed in JP-A-6-178491, or a coupling method using a 
tight coupling force caused by plastic flow as disclosed in 
JP-A-2000-81029. 

However, the conventional coupling methods have caused 
the following problems in the case of joining a thrust bearing 
(having, for example, an outer diameter of 5 mm and a 
thickness of 1 mm) to a bearing housing of a spindle motor 
having a hydrodynamic bearing Structure, for a 2.5 inch type 
thin hard disc apparatus: 
AS well-known, the preSS-fitting has a limited bonding 

Strength, and in particular, it is inferior to Shock-resistance. 
Further, the Shrinkage fitting cannot ensure a Sufficient 
Shrinkage fitting margin Since the bearing has a Small 
diameter, and accordingly, it also has a limited bonding 
Strength. Further, Since the Shrinkage fitting requires heating, 
accordingly, after Shrinkage fitting, the degree of accuracy 
becomes inferior, and a finishing proceSS is required after the 
joining thereof. Further, heating and cooling thereof are 
time-consuming, resulting in low productivity. 

The adhesive bonding has a limited coupling Strength 
Since the bonding length is short, and accordingly, it is 
inferior to shock-resistance. Further, extra adhesive having 
oozed out from the juncture detrimentally affects the per 
formance of the motor, and curing of an adhesive is time 
consuming, resulting in low productivity. 

The Welding causes thermal deformation, and in particu 
lar causes a warp due to thermal-contraction. Thus, accuracy 
cannot be ensured. Further, a shaft made of a material having 
a martensitic structure with a high carbon content, Such as 
SUS404C, causes cracking. Further, the welding requires an 
expensive facility Such as a laser welder. 
AS to a joining method using a plastic deformation 

process as disclosed in JP-A-6-178491, in the case of 
plastic-deformation of a juncture over its entire periphery, 
corrugation (buckling) is caused in the plastically deformed 
Zone, which would possibly cause external leakage of fluid 
from a bearing housing therethrough. Further, should the 
Zone where plastic deformation is made be divided into 
Several parts, the fluid would possibly leaks externally from 
the bearing housing through parts where no plastic defor 
mation is made. Further, as an axially exerted load is applied 
in a cicumferentially discrete condition, inhomogeneous 
force is circumferentially exerted to the thrust bearing or the 
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2 
bearing housing which would be deformed So as to cause a 
risk of rotational oscillation of the shaft. 

As a tight juncture forming method using the plastic flow 
disclosed in JP-A-2000-81029, it is required to enhance the 
bonding Strength and to increase the working load in order 
to prevent leakage of fluid from the bearing housing, and 
accordingly, the radial bearing or the like would deform, 
resulting in lowering of the performance of the Spindle 
motor. 

SUMMARY OF THE INVENTION 

An object of the present invention is to provided a spindle 
motor having an enhanced bonding Strength of the juncture 
between the bearing housing and the thrust bearing with no 
deterioration of accuracy and Sealing ability. 
To the end, according to the present invention, there is 

provided a method comprising the Steps of inserting or 
preSS-fitting an Outer cylindrical portion of a thrust bearing 
having an annular inclined Surface at the outer periphery of 
an axially end part thereof in an coupling bore formed in an 
end Surface of a bearing housing, and pressing the end 
Surface of the bearing housing around the coupling bore over 
its entire periphery of the latter, So as to allow plastic flow 
of the base material around the inner periphery of the 
coupling bore, and thereby, the annular inclined Surface at 
the Outer periphery of the end part is covered with the base 
material of the bearing housing which has been Subjected to 
plastic flow. Thus, the thrust bearing and the bearing housing 
are coupled with each other So that the material of the 
bearing housing can obtain a shearing Strength and a residual 
contact preSSure after application of a compression load. 

Specifically, according to a first aspect of the present 
invention which can achieve the above-mentioned purposes, 
there is provided a spindle motor including a Stator core, and 
comprising, inside of the Stator core, a cylindrical bearing 
housing, a hydrodynamic bearing metal and a shaft fixed at 
its one end to a hub, which are coaxially arranged in the 
mentioned order as viewed inward from the Stator core, and 
also comprising a thrust bearing fixed to an inner peripheral 
Surface at an end part of the bearing housing on the Side 
remote from the hub, for bearing a thrust of the shaft, fluid 
being filled between the shaft and the hydrodynamic bearing 
metal, wherein an annular inclined Surface is formed on an 
outer peripheral edge at an end part of the thrust bearing on 
the Side axially remote from the hub, the annular inclined 
Surface having an outer diameter which decreases toward the 
end part on the Side axially remote from the hub, an inner 
peripheral edge at the end part of the bearing housing on the 
side axially remote from the hub is bulged out toward the 
inclined Surface through plastic deformation So as to abut 
against and join with the latter. 
According to a Second aspect of the present invention 

which can achieve the above-mentioned purpose, there is 
provided a Spindle motor including a Stator core, and 
comprising, inside of the Stator core, a cylindrical bearing 
housing, a hydrodynamic bearing metal and a shaft fixed at 
its one end to a hub, which are coaxially arranged in the 
mentioned order as viewed inward from the Stator core, and 
also comprising a thrust bearing fixed to an inner peripheral 
Surface at an end part of the bearing housing on the Side 
remote from the hub, for bearing a thrust of the shaft, fluid 
being filled between the shaft and the hydrodynamic bearing 
metal, wherein an annular inclined Surface is formed on an 
outer peripheral edge at the end part of the thrust bearing on 
the Side axially remote from the hub, the annular inclined 
Surface having an outer diameter which decreases toward the 
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end part on the Side axially remote from the hub, an inner 
peripheral edge of the end part of the bearing housing on the 
side axially remote the hub is bulged out toward the inclined 
Surface So as to abut against and join with the latter, the 
bulged portion having a metal Structure which is flatted in a 
direction along the outer Surface of the bulged portion. 

The inclined Surface formed in the thrust bearing may 
have Such a Sectional shape in a cutting plane including the 
axis of the thrust bearing as to be of a Straight line or a part 
of an arc. 

Further, it is desirable that the inclined Surface formed on 
the outer peripheral edge of the thrust bearing on the large 
diameter Side is made into contact with the inner peripheral 
of the bearing housing. 

Further, it is desirable that a part having a diameter 
Smaller than that of the Outer periphery of the thrust bearing 
is present in the bearing housing, coaxial therewith, and the 
thrust bearing is interposed between the plastically deformed 
part of the bearing housing and a stepped part at the end 
Surfaced of the Small diameter part of the thrust bearing, 
directly or through the intermediary of other members. 

Further, according to a third aspect of the present inven 
tion which can achieve the above-mentioned problems, there 
is provided a method of manufacturing a Spindle motor 
including a Stator core, and comprising, inside of the Stator 
core, a cylindrical bearing housing, a hydrodynamic bearing 
metal and a shaft fixed at its one end to a hub, which are 
coaxially arranged in the mentioned order as viewed inward 
from the Stator core, and also comprising a thrust bearing 
fixed to an inner peripheral Surface in an end part of the 
bearing housing on the Side remote from the hub, for bearing 
a thrust of the shaft, fluid being filled between the shaft and 
the hydrodynamic bearing metal, comprising the Steps of 
forming an annular inclined Surface having a diameter which 
is decreased toward the end part on the Side axially remote 
from the hub, on an Outer peripheral edge of thrust bearing 
on the side axially remote from the hub, fitting the thrust 
bearing in the bearing housing up to a predetermined 
position, thereafter pressing the peripheral edge of the end 
part of the bearing housing on the Side remote from the hub, 
Simultaneously over its entire periphery in the axial direction 
So as to cause plastic flow of the inner peripheral edge which 
therefore bulges out over the inclined surface of the thrust 
bearing So as to abut against and join with the inclined 
Surface. 

In the above-mentioned manufacturing method, the annu 
lar inclined Surface formed in the thrust bearing may have 
Such a Sectional shape So as to be of a Straight line or a part 
of an arc in a cutting plane including the axis of the thrust 
bearing. 

According to the present invention having the above 
mentioned constructions, the juncture between the thrust 
bearing and the bearing housing has a Sufficient bonding 
Strength without deteriorating the accuracy and the Sealing 
ability thereof, thereby it is possible to join the thrust bearing 
and the bearing housing with each other with a high degree 
of productivity using an inexpensive facility. 

The present invention will be detailed in the form of 
preferred embodiments of the present invention with refer 
ence to the accompanying drawings in which: 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a longitudinal Sectional view illustrating a 
Spindle motor having a hydrodynamic bearing using a 
combination of a thrust bearing and a bearing housing in an 
embodiment of the present invention; 
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4 
FIG. 2 is a longitudinal Sectional view illustrating a first 

embodiment of the present invention; 
FIG. 3 is an enlarged Sectional view illustrating a juncture 

between a thrust bearing and a bearing housing in the 
embodiment shown in FIG. 2 in a condition before joining 
thereof; 

FIG. 4 is an explanatory view exhibiting parameters 
affecting upon the bonding Strength of the juncture between 
the thrust bearing and the bearing housing in the first 
embodiment of the present invention; 

FIG. 5 is an enlarged sectional view illustrating the 
juncture between the thrust bearing and the bearing housing 
in the embodiment shown in FIG. 2 in a condition after 
joining thereof; 

FIG. 6 is a longitudinal Sectional view illustrating a 
Second embodiment of the present invention; 

FIG. 7 is an enlarged Sectional view illustrating a juncture 
between a thrust bearing and a bearing housing in the 
embodiment shown in FIG. 6, in a condition after joining 
thereof; 

FIG. 8 is a longitudinal sectional view illustrating a third 
embodiment of the present invention; 

FIG. 9 is an enlarged Sectional view illustrating a juncture 
between a thrust bearing and a bearing housing in the 
embodiment shown in FIG. 8, in a condition after joining 
thereof; and 

FIG. 10 is a perspective view illustrating a hard disc 
apparatus according to an embodiment of the present inven 
tion. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Referring to FIG. 10 which shows a 2.5 inch type thin 
hard disc apparatus according to an embodiment of the 
present invention, the hard-disc apparatus comprises a disc 
20 as data recording media, a Spindle motor 21 for carrying 
and rotating the disc 20, a head 22 provided on the Surface 
of the disc, for recording data onto the disc and reading data 
therefrom, a carriage 23 Supported So as to be pivotable in 
a plane substantially parallel with the surface of the disc 20, 
and Supporting the head 22 at its distal end, for shifting the 
head, Substantially radial of the disc 20, a drive unit for 
pivotably driving the carriage 23 and a body casing 25 
accommodating and Sealingly enclosing therein the disc 20, 
the Spindle motor 21, the head 22, the carriage 23 and the 
drive unit 24. 

FIG. 1 is a sectional view illustrating a spindle motor 21 
which is an example of a hydrodynamic bearing Spindle 
motor using a combination of a bearing housing and a thrust 
bearing according to the present invention, the upper part 
portions shown on the upper side in FIG. 10 being shown in 
the upper Side in this figure. The Subject hydrodynamic 
bearing Spindle motor is the one which can be applied for the 
2.5 inch type thin hard disc apparatus. 
The Spindle motor shown in FIG. 1, comprises an annular 

base 6 incorporating a cylindrical portion in the center part 
thereof around the axis thereof, a cylindrical bearing housing 
4 having an axially extending bore and coaxially fitted and 
fixed to an inner peripheral Surface of the cylindrical portion 
of the annular base 6, a stator core 7 wounded thereon with 
copper wires 9 and fixed to an outer peripheral Surface of the 
cylindrical portion of the base 6, an annular hydrodynamic 
bearing metal 3 coaxially fixed to the inner peripheral 
Surface of the bearing housing 4, a shaft 1 rotatably fitted in 
a bore in the hydrodynamic bearing metal 3, a dish-like hub 
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2 fixed to the upper end of the shaft 1, a magnet 8 attached 
to the inner peripheral Surface of an outer peripheral Side end 
part of the hub 2 So as to be opposed to the Stator core 7, and 
a thrust bearing 5 fitted and fixed in the lower end part of the 
bore of the bearing housing 4 (that is, the part where the 
inner diameter of the bore of the bearing housing 4 is greater 
than that of the upper part thereof, and called as a coupling 
bore 4a) with a stopper ring 10 being interposed between the 
thrust bearing 5 and a stepped part defined in the coupling 
bore 4a between the upper part and the lower part having an 
inner diameter which is greater than that of the upper part, 
and making contact with a spherical end part la at the lower 
end of the shaft 1 so as to bear a thrust from the shaft. 
Magnetic fluid 11 is filled in a gap defined by the hydrody 
namic bearing metal 3, the Outer peripheral Surface of the 
shaft 1 and the thrust bearing 5, and is held by a magnet 13. 
The part having an inner diameter greater than that of the 
upper part in the bearing housing 4, corresponding to the 
outer peripheral part of the lower end part of the shaft 4, that 
is, the coupling bore 4b is fitted therein with the thrust 
bearing 5. 

The hydrodynamic bearing metal 3 constitutes a radial 
bearing due to a dynamic pressure effect which is induced in 
the magnetic fluid 11 filled in the bearing housing 4 by the 
rotation of the shaft 1. Should the magnetic fluid leak 
external of the bearing housing 4, it would possibly Stick to 
the magnetic disc attached to the hub 2 or the like. 
Accordingly, the magnetic fluid 11 has to be completely 
Sealed and enclosed in the bearing housing 4. 

The leakage of the magnetic fluid 11 is roughly grouped 
in two cases in one of which the magnetic fluid 11 leaks out 
from the upper part of the shaft after passing through a gap 
between the shaft 1 and the hydrodynamic bearing metal 3, 
and in the other one of which the magnetic fluid 11 leaks out 
from the lower part of the shaft after passing through a gap 
between the bearing housing 4 and the thrust bearing 5. The 
leakage from the upper part can be prevented by holding the 
magnetic condition by means of the magnet 13. It is noted 
that if fluid capable of Sustaining a Surface tension with 
which the fluid cannot leak through the gap between the 
shaft 1 and the hydrodynamic bearing 3, is enclosed in the 
gap defined between the hydrodynamic bearing 3, the outer 
peripheral Surface of the shaft 1 and the thrust bearing 5, no 
provision of the magnet 13 is required. The leakage from the 
lower part cannot be sufficiently prevented by the magnet 13 
since the retention of the magnet 11 for the magnetic fluid 11 
is lower due to a distance between the position of possible 
leakage and the magnet 13 which is longer than that in the 
case of the leakage from the upper part. Thus, the Sealing 
ability of the coupling between the bearing housing 4 and the 
thrust bearing 5 has to be sufficiently ensured. 

It is desirable that the bearing housing 4 as a joining 
member is made of a material which is highly plastic 
deformable, having a deformation resistance which is lower 
than that of the thrust bearing 5 as a joined member. In this 
embodiment, SUS303 is used as the material for the bearing 
housing 4, and SUS430 is used as the material for the thrust 
bearing 5. 

The thrust bearing bearing 5 as the joined member is 
formed at the Outer peripheral edge of the lower end thereof 
with an inclined part 5a having an outer diameter which is 
Smaller and Smaller downward. The configuration of the 
inclined part will be detailed hereinbelow. The dimensions 
of the thrust bearing 5 are such that the outer diameter 
thereof is 5 mm and the axial thickness of the other periph 
eral part thereof is 1 mm. 
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6 
First Embodiment 

Referring to FIG. 2 which shows a combination of the 
bearing housing 4 and the thrust bearing 5 in a first embodi 
ment of the present invention. An annular inclined part 
having a diameter which is Smaller and Smaller downward, 
is formed on an outer peripheral edge at the lower end part 
of the thrust bearing 5, and is joined in the coupling bore 4b 
in the bearing housing 4 through plastic deformation in a 
method which will be hereinbelow explained. The inclined 
part 5a has a Straight inclined Surface as viewed in a 
Sectional view of the thrust bearing 5 in a plane containing 
the axis thereof. 

Referring to FIG. 3 which is a sectional view for explain 
ing a step of plastic joining, the bearing housing 4 after 
machining is at first upset So that the coupling bore 4b is 
facing upward, and is held at its Surface on the hub side by 
a Suitable guide or the like. Then, the Stopper ring 10 is 
inserted in the coupling bore 4b So as to be rested on the 
stepped part 4a, and then the thrust bearing 10 is fitted in the 
bore above the stopper ring 10. Thereafter, the bearing 
housing 4 is pressed by a preSS ram which is not shown 
through the intermediary of a ring-like punch 12 in a 
Substantially plumbing direction, that is, the axial direction 
of the coupling bore 4b, around the coupling bore 4b over 
the entire periphery of the latter, by a load for causing a 
StreSS with which a Substance in the part around the coupling 
bore 4b of the bearing housing 4 plastically flows toward the 
inner periphery thereof So as to cover the inclined part 5a of 
the thrust bearing 5 with the Substance around the coupling 
bore 4b. Thus, the thrust bearing 5 and the bearing housing 
4 are joined together. 

In this embodiment, the bearing housing 4 is made of 
SUS303 while the thrust bearing 5 is made of SUS403, and 
the punch 12 has a width of 0.2 mm and is applied with a 
pressing load of 4 kN. 

Although it is preferable that the inner diameter of the 
coupling bore 4b in the bearing housing 4 is equal to the 
outer diameter of the thrust bearing 5 as possible as it can, 
the inner diameter of the coupling bore 4b in the bearing 
housing 4 may be slightly larger than the Outer diameter of 
the thrust bearing 5 in order to enhance the workability. In 
this embodiment, the inner diameter of the coupling bore 4b 
is 0.5 mm, and the outer diameter of the thrust bearing 5 is 
Set So that a clearance between the bearing housing 4 and the 
thrust bearing 5 becomes 0.01 mm. 

Referring to FIG. 4 which is an enlarged longitudinal 
Sectional view illustrating a configuration of the Outer 
peripheral edge of the lower end of the thrust bearing 5 
formed with the inclined surface 5b before plastic 
deformation, factors for determining a Sectional shape of the 
joined part (the inclined part 5a), are a depth H, a width W 
and an inclined angle 0 of the inclined part 5a. 
At first, the depth H is the axial distance from the end 

Surface of the bearing housing 4 on the thrust bearing 5 side 
to an end part 5b of the inclined part 5a of the thrust bearing 
5 (that is, the axial distance from the lower end surface of the 
bearing housing 4 to the large diameter end part of the 
inclined part 5a of the thrust bearing 5). Should the depth H 
be too shallow, no Sufficient bonding Strength could be 
obtained, and accordingly, the juncture would readily plas 
tically deformed when a downward external force is exerted 
to the thrust bearing 5 after joining. On the contrary, should 
the depth H is too deep, the inflow of the material covering 
the inclined part, 5a, caused by the plastic flow, would be 
insufficient So that an air gap is caused. Thus, the bonding 
strength would also be lowered. Thus, the depth H is 
preferably in a range from about 0.05 to 0.5 mm. In this 
embodiment, the depth H is set to 0.1 mm. 
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Next, the width W of the inclined part 5a is equal to a 
distance between the inner peripheral Surface of the bearing 
housing 4 to a small diameter side end 5b of the inclined part 
5a. Should the width W be Small, the contact Surface of the 
inclined part 5a would become Small, and accordingly, no 
sufficient bonding strength could not be obtained. Further, 
the Sealing ability of the joining portion would be deterio 
rated. Thus, the width Wis preferably not less than 0.02 mm. 
In this embodiment, the width W is set to 0.05 mm. 
The inclined angle 0 is the one between the inner Surface 

of the bearing housing 4 and the inclined part 5a of the thrust 
bearing 5 as viewed in a Sectional view cut through a plane 
containing the axis of the bearing housing 4. The larger the 
angle 0, the more difficult the covering of the inclined part 
5a with the material of the bearing housing 4, the Sealing 
ability of the juncture becomes lower. Further, the smaller 
the inclined angle 0, the lower the bonding Strength. The 
inclined angle 0 is preferably in a range from 30 to 60 deg. 
In this embodiment, the inclined angle 0 is set to 45 deg. 

Referring to FIG. 5 which is an enlarged sectional view 
illustrating the juncture formed in the above-mentioned 
condition, the material (basic material) of the inner periph 
eral edge at the lower end part of the bearing housing 4 
plastically flows So as to bulge toward and cover the inclined 
part 5a thereover, and accordingly, the thrust bearing 5 and 
the bearing housing 4 are joined and Sealed to each other. 
The shearing length H' (the axial distance from the large 
diameter side end part 5b of the inclined part 5a to the 
inclined part 5a to the end Surface 4c of the bearing housing 
4 after deformation) of the plastically deformed part of the 
bearing housing 4 greatly contributes to the bonding 
Strength. In this embodiment, the Shearing length H' 
becomes 0.09 mm, and accordingly, a drawing force 
required for axially pulling out the thrust bearing 5 from the 
bearing housing 4 becomes not less than 500 Nt, that is, a 
tough bonding Strength can be obtained. 
As mentioned above, in the part with which the inclined 

part 5a is covered through the plastic deformation, the metal 
Structure is flattened along its Surface So as to have a shape 
different from that of the metal structure remote therefrom. 

According to the configuration of this embodiment as 
Stated above, as shown in FIG. 5, by causing the bearing 
housing 4 to plastically flow So as to cover the inclined part 
5a on the outer peripheral edge at the lower end part of the 
thrust bearing 5, the thrust bearing 5 can be joined in the 
coupling bore 4b of the bearing housing 4 with a high 
bonding Strength, and further, a high degree of Sealing 
ability can be obtained by the residual contact pressure 
between the bearing housing 4 deformed through plastic 
flow and the thrust bearing 5. 

Further, Since no heat is applied during the joining, no 
thermal Strain is caused, and accordingly, there would be 
caused no risk of lowering the processing accuracy. Further, 
as mentioned above, the load applied axially to the bearing 
housing 4 through the intermediary of the punch 12 may be 
a value which can cause the material around the coupling 
bore 4b in the bearing housing 4 to plastically flow. Further, 
Since the load is applied over the entire circumference, a 
force applied to the thrust bearing 5 and the dynamic 
preSSure bearing metal 3 is circumferentially uniform, and 
accordingly, no deformation is caused in both the thrust 
bearing 5 and the hydrodynamic bearing metal 3. That is, the 
load which is axially applied to the bearing housing 4 
through the intermediary of the punch 12 does not cause a 
risk of lowering the processing accuracy. 
Second Embodiment 

Referring to FIG. 6 which is an enlarged longitudinal 
Sectional view illustrating a juncture before plastic defor 
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8 
mation in a Second embodiment of the present invention, in 
this embodiment, the outer peripheral edge at the lower end 
part of the thrust bearing 5 has a shape which is exhibited by 
a curve having a radius R of curvature, as viewed in a Section 
cut through a plane containing the axis of the thrust bearing 
5 (that is, it has a round surface 5c), which should be 
compared with the first embodiment in which the outer 
peripheral edge at the lower end part of the thrust bearing 5 
has a Straight line shape as viewed in a Section cut through 
a plane containing the axis of the thrust bearing 5. Further, 
as shown in FIG. 6, with this shape, the large diameter Side 
end of the round Surface 5c is Smoothly contiguous to the 
outer diameter of the thrust bearing 5. Except the above 
mentioned matters, the configuration of the Second embodi 
ment is the same as that of the first embodiment. 

In this embodiment, the Sectional shape of the joining part 
(round surface 5c) is determined by those factors which are 
a depth H, a round surface width W and a radius R. 
The depth H is an axial distance, similar to the first 

embodiment, from the axially lower end Surface of the 
bearing housing 4 on the thrust bearing 5 side to an end part 
5b of the round surface 5c of the thrust bearing 5 (that is, the 
distance from the axially lower end Surface of the bearing 
housing 4 to the large diameter Side end of the round Surface 
5c of the thrust bearing 5). The depth H can be determined 
to a value preferably in a range about 0.05 to 0.5 mm by a 
reason similar to that stated in the first embodiment. In this 
embodiment, the depth H is set to 0.12 mm. 
The round Surface width W is a distance from the inner 

peripheral Surface of the bearing housing 4 to a Small 
diameter side end part 5d of the round surface 5c. This width 
W can be determined by a reason similar to the configuration 
of the end part of the thrust bearing 5 having the inclined 
Surface, to a value not less than 0.02 mm. In this 
embodiment, the round Surface width W is set to 0.05 mm. 

Next, the radius R is, similar to the inclined Surface, the 
larger the diameter R, the Smaller the angle 0. Thus, the 
radius R is preferably 1 to 2 times as large as the round 
Surface width W. In this embodiment, the radius is set to 0.5 

. 

In view of the above-mentioned condition, the outer 
peripheral edge at the lower end part of the thrust bearing is 
formed into a round Surface with which the bearing housing 
4 is joined to the thrust bearing 5. Thus, the drawing force 
by which the thrust baring 5 is pulled out from the bearing 
housing 4 becomes not less than 500 Nt, that is, a high 
bonding Strength can be obtained. 

With the configuration of this embodiment as stated 
above, the inner peripheral Surface of the lower end part of 
the bearing housing 4 is Subjected to plastic flow So as to 
cover the round surface 5c of the thrust bearing 5 at the outer 
periphery thereof, and accordingly, the thrust bearing 5 can 
be joined in the coupling bore of the bearing housing 4 with 
a high bonding Strength, as shown in FIG. 7, and a high 
Sealing ability can be obtained by a residual contact preSSure 
between the bearing housing 4 Subjected to plastic flow, and 
the thrust bearing 5. Further, no heat is required during the 
joining, no thermal Strain is caused, thereby it is possible to 
prevent occurrence of a risk of lowering the processing 
accuracy thereof. 
Third Embodiment 

Referring to FIG. 8 which is an enlarged longitudinal 
Sectional view illustrating a juncture before plastic defor 
mation in a third embodiment of the present invention, the 
configuration of this embodiment is the same as that of the 
Second embodiment, except that the large diameter Side end 
part 5b of the round surface 5c of the thrust bearing 5 is 
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Smoothly contiguous to the outer diameter of the thrust 
bearing 5, being not Smooth thereto although the Small 
diameter side end part 5d of the round surface 5c of the 
thrust bearing 5 is contiguous to the axially lower end 
surface of the thrust bearing 5, that is, the end part 5d of the 
round Surface 5c is clearly distinguished. This configuration 
should be compared with the second embodiment in which 
the large diameter side end part 5b of the round surface 5c 
at the end part of the thrust bearing 5 is Smoothly contiguous 
to the outer diameter of the thrust bearing 5. 

In this embodiment, the Sectional shape of the juncture 
(round surface 5c) can be determined by the factors which 
are a depth H, a radius R' of the round surface 5c and an 
angle 0" of a tangential line to the round Surface 5c at the end 
part 5b of the latter. 

The depth H may be determined by a reason similar that 
Stated in the first embodiment, and accordingly, it is pref 
erably in a range from 0.05 to 0.5 mm. In this embodiment, 
the depth H is set to 0.12 mm. 

The Smaller the radius R' of the round Surface 5c, the 
Smaller the contact area at the round Surface, no Sufficient 
bonding Strength can be obtained, and further, the Sealing 
ability of the juncture is deteriorated. Thus, the radius R' of 
the round surface 5c is preferably not less than 0.02 mm. In 
this embodiment, the radius R' of the round Surface 5c is set 
to 0.1 mm. 

The angle 0" of the tangential line to the round surface 5c 
at the end part 5b is preferably in a range from 30 to 60 deg. 
In this embodiment, the angle 0" of the tangential line is Set 
to 45 deg. 

With the above-mentioned condition, the thrust bearing 5 
and the bearing housing 4 are joined with each other in a 
method similar to that stated in the first embodiment in 
which the bearing housing 4 is Subjected to plastic flow. 
Thus, a high bonding Strength can be obtained So that the 
drawing force by which the thrust bearing 5 is axially pulled 
out from the bearing housing 4 becomes not less than 500 
Nt. 

With the configuration of the embodiment as mentioned 
above, the part which has a curve having a radius R of 
curvature as viewed in a Section cut through a plane con 
taining the axis of the thrust bearing 5, and which has a 
tangential line with an angle in a predetermined range with 
respect to the outer peripheral Surface of the thrust bearing 
5 at the crossing point between the curve and the outer 
peripheral Surface of the thrust bearing 5 is formed on the 
outer peripheral edge at the lower end part (round Surface) 
of the thrust bearing 5, and the bearing housing 4 is 
Subjected to plastic flow So as to cover the round Surface 5c. 
Thus, as shown in FIG. 9, the thrust bearing 5 can be joined 
in the coupling bore of the bearing housing 4 at the center 
thereof with a high bonding Strength, and a high Sealing 
ability can be obtained between the bearing housing 4 and 
the thrust bearing 5 due to a residual contact pressure 
between the bearing housing 4 Subjected to plastic flow and 
the thrust bearing 5. Further, Since no heat is applied during 
joining, there is no risk of lowering the processing accuracy. 
Fourth Embodiment 

In a fourth embodiment, the inner diameter of the cou 
pling bore of the bearing housing 4 is set to 7.0 mm while 
the outer diameter of the thrust bearing 5 is set so that the 
clearance between the bearing housing 4 and the thrust 
bearing 5 is Set to 0.1 mm, and the pressing load is Set to 4.8 
kN. Except the above-mentioned matters, the configuration 
of this embodiment is the same as that of the first embodi 
ment. 

With the above-mentioned condition, a high bonding 
Strength can be obtained So that the bearing housing 4 and 
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10 
the thrust bearing 5 are coupled to each other, that is, a 
drawing force by which the thrust bearing 5 is removed from 
bearing housing 4 is becomes not less than 500 N. 

With the configuration as stated above, as shown in FIG. 
5, the plastic flow of the bearing housing 4 is carried out So 
as to cover the inclined part of the thrust bearing 5 which has 
an inclined Surface at the outer periphery thereof, and 
accordingly, the thrust bearing 5 can be joined to the 
coupling bore, having a high bonding Strength, and further, 
a high Sealing ability can be obtained between the bearing 
housing 4 and the thrust bearing 5 due to the residual contact 
preSSure between the bearing housing 4 Subjected to plastic 
flow and the thrust bearing 5. Similar to the above 
mentioned embodiments, no thermal Strain is caused during 
joining between the bearing housing 4 and the thrust bearing 
5, and accordingly, there is no risk of lowering the proceSS 
ing accuracy. 

Further, all embodiments Stated above can be manufac 
tured by inexpensive facilities, thereby it is possible to aim 
at enhancing the productivity and reducing the cost. 
According to the present invention, the juncture between 

the thrust bearing and the bearing housing can obtain a 
Sufficient bonding Strength without deteriorating the Sealing 
ability. 

It should be further understood by those skilled in the art 
that although the foregoing description has been made on 
embodiments of the invention, the invention is not limited 
thereto and various changes and modifications may be made 
without departing from the Spirit of the invention and the 
Scope of the appended claims. 
What is claimed is: 
1. A Spindle motor including a Stator core, and 

comprising, inside of the Stator core, a cylindrical bearing 
housing, a hydrodynamic bearing metal and a shaft fixed at 
its one end to a hub, which are coaxially arranged in the 
mentioned order as viewed inward from the Stator core, and 
further comprising: 

a thrust bearing fixed to an inner peripheral Surface at an 
end part of the bearing housing on the Side remote from 
the hub, for bearing a thrust of the shaft, 

a fluid filled between the shaft and the hydrodynamic 
bearing metal, 

wherein an annular inclined Surface is formed on an outer 
peripheral edge at the end part of the thrust bearing on 
the side axially remote from the hub, the annular 
inclined Surface having an outer diameter which 
decreases toward the end part on the Side axially remote 
from the hub, and 

wherein an inner peripheral edge at the end part of the 
bearing housing on the Side axially remote from the hub 
is plastically deformed and bulged out toward the 
annular inclined Surface at the end part of the thrust 
bearing So as to form an annular budged portion along 
the entire inner peripheral edge at the end part of the 
bearing housing, to abut against and join with the 
annular inclined Surface. 

2. A Spindle motor including a Stator core, and 
comprising, inside of the Stator core, a cylindrical bearing 
housing, a hydrodynamic bearing metal and a shaft fixed at 
its one end to a hub, which are coaxially arranged in the 
mentioned order as viewed inward from the Stator core, and 
comprising: 

a thrust bearing fixed to an inner peripheral Surface at an 
end part of the bearing housing on the Side remote from 
the hub, for bearing a thrust of the shaft; and 

a fluid filled between the shaft and the hydrodynamic 
bearing metal, 
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wherein an annular inclined Surface is formed on an outer 
peripheral edge at the end part of the thrust bearing on 
the side axially remote from the hub, the annular 
inclined Surface having an outer diameter which 
decreases toward the end part axially remote from the 
hub, and 

wherein an inner peripheral edge at the end part of the 
bearing housing on the Side axially remote from the hub 
is plastically deformed and bulged out toward the 
annular inclined Surface at the end part of the thrust 
bearing So as to form an annular budged portion along 
the entire inner peripheral edge at the end part of the 
bearing housing, to abut against and join with the 
annular inclined Surface, the annular bulged portion 
having a metal Structure which is flatted in a direction 
along Outer Surface. 

3. A Spindle motor as Stated in claim 1, wherein the 
inclined Surface formed in the thrust bearing has Such a 
Sectional shape in a cutting plane containing the axis of the 
thrust bearing as to be of a Straight line or a part of an arc. 

4. A spindle motor as Stated in any one of claims 1 to 3, 
the annular inclined Surface formed on the outer peripheral 
edge of the thrust bearing at an end on the large diameter 
Side thereof is made into contact with the inner peripheral of 
the bearing housing. 

5. A spindle motor as Stated in any one of claims 1 to 3, 
wherein a part having a diameter Smaller than that of the 
outer periphery of the thrust bearing is present in the bearing 
housing, coaxial there with, and the thrust bearing is inter 
posed with the annular budged portion of the bearing 
housing and a stepped part at the end Surface of the Small 
diameter part of the thrust bearing, directly or through the 
intermediary of other members. 

6. A method of manufacturing a spindle motor including 
a Stator core, and inside of the Stator core, a cylindrical 
bearing housing, a hydrodynamic bearing metal and a shaft 
fixed at its one end to a hub, which are coaxially arranged 
in the mentioned order as viewed inward from the stator 
core, and also comprising a thrust bearing fixed to an inner 
peripheral Surface in an end part of the bearing housing on 
the side remote from the hub, for bearing a thrust of the 
shaft, fluid being filled between the shaft and the hydrody 
namic bearing metal, comprising the Steps of: 

forming an annular inclined Surface having a diameter 
which is decreased toward the end part of the thrust 
bearing on the Side axially remote from the hub, on an 
outer peripheral edge at the end part of the thrust 
bearing on the Side axially remote from the hub; 

fitting the thrust bearing in the bearing housing up to a 
predetermined position; and 

pressing an inner peripheral edge at the end part of the 
bearing housing on the Side remote from the hub, 
Simultaneously over its entire periphery in the axial 
direction So as to cause plastic flow of the inner 
peripheral Surface of the bearing housing which there 
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fore bulges out toward the annular inclined Surface of 
the thrust bearing, So as to form an annular budged 
portion along the entire inner peripheral edge at the end 
part of the bearing house, to abut against and join with 
the annular inclined Surface of the thrust bearing. 

7. A method as claimed in claim 6, where the annular 
inclined Surface formed in the thrust bearing has Such a 
Sectional shape as to be of a Straight line or a part of an arc 
in a cutting plane containing the axis of the thrust bearing. 

8. A spindle motor as claimed in claim 1, where the 
annular inclined Surface formed in the thrust bearing has 
Such a Sectional shape as to be of a Straight line in a cutting 
plane containing the axis of the thrust bearing based on 
factors, including a depth (H) indicating an axial distance 
from the end Surface of the bearing housing on the thrust 
bearing and the end part of the thrust bearing, a width (W) 
of the inclined Surface, and an inclined angle (0). 

9. Aspindle motor as claimed in claim 8, where the depth 
(H) is set in a range of 0.05 to 0.5 mm, the width (W) is set 
no less than 0.02 mm, and the inclined angle (0) is set in the 
range of 30° to 60°. 

10. Aspindle motor as claimed in claim 8, where the depth 
(H) is set at 0.1 mm, the width (W) is set at 0.05 mm, and 
the inclined angle (0) is set at 45°. 

11. A spindle motor as claimed in claim 2, where the 
annular inclined Surface formed in the thrust bearing has 
Such a Sectional shape as to be of a Straight line in a cutting 
plane containing the axis of the thrust bearing based on 
factors, including a depth (H) indicating an axial distance 
from the end Surface of the bearing housing on the thrust 
bearing and the end part of the thrust bearing, a width (W) 
of the inclined Surface, and an inclined angle (0). 

12. A spindle motor as claimed in claim 11, where the 
depth (H) is set in a range of 0.05 to 0.5 mm, the width (W) 
is set no less than 0.02 mm, and the inclined angle (0) is set 
in the range of 30° to 60°. 

13. A spindle motor as claimed in claim 11, where the 
depth (H) is set at 0.1 mm, the width (W) is set at 0.05 mm, 
and the inclined angle (0) is set at 45. 

14. A method as claimed in claim 6, where the annular 
inclined Surface formed in the thrust bearing has Such a 
Sectional shape as to be of a Straight line in a cutting plane 
containing the axis of the thrust bearing based on factors, 
including a depth (H) indicating an axial distance from the 
end Surface of the bearing housing on the thrust bearing and 
the end part of the thrust bearing, a width (W) of the inclined 
Surface, and an inclined angle (0). 

15. A method as claimed in claim 14, where the depth (H) 
is set in a range of 0.05 to 0.5 mm, the width (W) is set no 
less than 0.02 mm, and the inclined angle (0) is set in the 
range of 30° to 60°. 

16. A method as claimed in claim 14, where the depth (H) 
is set at 0.1 mm, the width (W) is set at 0.05 mm, and the 
inclined angle (0) is set at 45. 
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